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1. Percent egg hatch and sex ratios of progenies
derived from six bisexual females injected with 
a red!ssolved pellet produced by centrifugation 
of AF blood serum at 96,000 x g for 2 hours.
The control (unlisted) produced all-female progeny. .
2 Percent egg hatch and sex ratios of progenies
derived from eleven bisexual females injected with 
supernatant remaining after centrifugation of 
■unisexual blood serum at 9^000 x g for 2 hours.






The all-female (AF) factor in Estigmene acrea (Drury) 
(Lepidoptera: Arctiidae) is transmitted through the maternal line.
It is not infective. Bisexual females injected with AF blood, 
homogenized pupae, blood cells or fat body fail to transmit the 
character to subsequent generations. Furthermore, heat treatment of the 
eggs and injections of TEPA or Aureomycin fail to destroy or inactivate 
the causal agent.
The material that kills the male zygotes is present in the blood 
serum, but not in fat body or blood cells. It is inactivated by pepsin 
but not by ribonuclease or deoxyribonuclease and shows maximum UV 
absorption at 280 mp,. It is readily sedimented in the ultracentrifuge 
and after gel filtration in Sephadex G-25 or Bio-Gel p-10 it appears in 
the void volume. The AF factor seems to be a protein of high molecular 
weight.
The production of the toxic protein seems to be regulated by 
either a cytoplasmic factor or a gene located on the Y-chromosome.
INTRODUCTION
In the spring of 1966, a strain of Estigmene acrea (Drury) 
(Lepidoptera:Arctiidae) that produced progeny with an abnormal sex 
ratio was discovered by Earle and MacFarlane (1968). Colonized 
individuals of this strain, when mated, produced progeny which was 
typically all-female (AF). In only rare Instances would any males 
be produced, and they were unsuccessful in transmitting the aberrant 
sex ratio characteristic to their progeny.
Apparently similar phenomena are known in other insects, 
namely beetles and some flies, but its finding in Lepidoptera could 
open new avenues for research in physiology, with possibilities for 
insect control. It is not difficult to visualize how physiologists 
could utilize all-female strains for the isolation of sex attractants. 
This would imply economies in rearing, separating the sexes and amount 
of laboratory space required. Applied entomologist could utilize it 
in mass release programs for insect erradication.
It can be demonstrated, theoretically at least, that this all­
female factor, once introduced into a population, will persist at the 
same level, i.e. the ratio of normal females to all-female females 
will remain constant, regardless of population variations. The 
advantage of such a system over the release of sterile males is 
evident; if for some reason the program has to be interrupted, the 
work done is not lost.
Earle and MacFarlane (1968) have shown that gynogenesis is not the 
cause for production of all-female progeny. Individuals from the all-
female strain have a substance in the blood which prevents the male 
embryos from developing. These findings provided a solid footing on 
which further research could be based.
The existence of an all-female strain of the type found in 
E. acrea seemed to be unique among Lepidoptera. The elucidation of 
its nature could provide very interesting and rewarding experience in 
entomological research. The crucial point was to determine whether 
this factor was of an infectious nature, like sex-ratio (SR) in 
Drosophila willistoni. Could it persist after inoculation? Was it 
infective? Could it affect male larvae? Could it multiply in 
innoculated larvae and be recovered later in the pupae? These and 
more questions were still unanswered.
This study was undertaken to determine whether the all-female 
factor:
1) could be permanently transferred to individuals of the 
normal strain by injecting blood from all— female individuals.
2) could be sedimented by high speed centrifugation.
3) was modified by the males.
4) could be partially or completely eliminated at least 
temporarily from the all-female strain.
5) had any effect on male larvae or pupae.
6) could be destroyed by heat treatment of the eggs.
7) could multiply or was inactivated after inoculation.
8) could be destroyed by injections of a chemosterilant.
could be isolated using protein purification techniques, 
was capable of causing the same sex ratio aberrations in 
Estigmene congrua and Heliothis virescens (Lepidoptera: 
Noctuidae).
could multiply or be recovered after injection into 
Estigmene congrua.
REVIEW OF LITERATURE
Several mechanisms responsible for the production of progenies 
showing abnormal sex ratios are known in insects.1 Poulson (1963) 
divides them in two categories: maternal and chromosomal. However,
it is perhaps more convenient to divide them into three: chromosomal,
cytoplasmic and infective sex-ratio (SR).
Morgan, Bridges and Sturtevant (1925) and Gershenson (1928) 
were the first to report studies of the (SR) condition in Drosophila 
affinis and D. obscura. Gershenson (1928) showed that certain males 
carried a particular X—chromosome which was responsible for the 
production of all female progeny. Cytological studies by Sturtevant 
and Dobzhansky (1936) suggested that certain X chromosomes in D. 
pseudoobscura, characterized by a recognizable inversion sequence, 
divide one extra time during male meiosis. At the same time when 
the extra division occurred, the X-chromosome was eliminated. This 
resulted in the production of only X-chromosome bearing sperm and 
such males could produce only daughters. This was a classical 
example of genetically controlled production of unisexual progenies 
in Drosophila.
1The term sex-ratio (SR) is used in Drosophila and scolytid 
beetles. In E. acrea it is called the all-female" (AF) or unisexual 
factor. No specific name is used in mosquitoes.
Novitski, Peacock and Engel (1965) however, did not think 
that an extra duplication of the X-chromosome was responsible for 
the production of all-female progeny in D. pseudoobscura. Their 
observations of SR male cyst cells at anaphase II showed that the 32 
X-bearing cells were normal but the 32 Y-bearing cells had only 
autosoraes at the poles. The Y-chromosome remained at the equator 
and degenerated; therefore all functional sperm carried X-chromosomes. 
These authors presented arguments to disregard the possibility of 
direct action of inactivation due to the presence of the Y-chromosome. 
They suggested that the X-chromosome oriented toward the functional pole.
In Aedes aegypti, a genetically controlled aberrant sex-ratio 
was described by Craig, Hickey and Vande Hey (i960) and further 
studied by Hickey and Craig (1966). The frequency of the genetic 
factor could be increased by selection, and was transmitted only 
through the males (Craig, Hickey and Vande Hey, i960). Furthermore, 
no evidence was found to suggest that the aberrant sex-ratio was 
due to selective mortality of the sexes, at least at the postgametie 
level.
Hickey and Craig (1966) suggested that the presence of a 
genetic factor (distorter) on the M locus led to events that either 
suppressed or caused to degenerate the sperms that could produce 
females. Distorter was effective only in certain heterozygous 
males but did not function in females.
Another genetically controlled aberrant sex-ratio has been 
discovered in Drosophila melanogaster (Hiraizumi and Wakazima, 1967). 
Like the conditions described in the affinis-obscura group and in 
Aed.es, the melanogaster SR is associated -with segregation distortion.
Segregation distortion in D. melanogaster can be influenced 
by temperature (Mange, 1968). Individuals given heat treatments 
■while the sex cells are dividing show different degrees of segregation 
distortion but the temperature effects are not heritable. The 
findings of Mange (1968) should be considered carefully since they 
could provide some evidence on the mode of action of the distorter gene.
What appears to be an SR factor influenced by nuclear genotype 
and the cytoplasm has been described in Drosophila prosaltans by 
Cavalcanti and Falcao (195^0 - Females from this strain when crossed 
to males from different strains produce all-female progeny, but 
after backcrossing, males might or might not appear in the progeny, 
depending on the strain from which the males came. Unlike SR in the 
affinis-obscura group the excessive recovery of females in prosaltans 
Is due to mortility of male zygotes.
The SR in D. prosaltans is transmitted exclusively through 
the female, probably by a cytoplasmic particle (called omicron by 
the authors). This particle can multiply and be transmitted only If 
the males used in crosses are of the right genotype (Cavalcanti,
Falcao and Castro, 1957). It is suggested that a single recessive 
autosomal gene, when homozygous disrupts the normal behavior of 
omicron in SR females.
Whether or not omicron is a true cytoplasmic factor or an 
inheritable infection is still open to question, if the findings of 
Poulson and Sakaguchi (1960, 1961) on the nature of maternally 
transmitted SR in D. willistoni (discussed elsewhere), are considered. 
Indeed, Cavalcanti (unpublished, quoted from Poulson, 1963) has 
obtained some evidence suggesting the infective nature of omicron 
and a close parallelism between SR in D. prosaltans and D. willistoni.
Several reports on aberrant sex-ratios which appeared to be 
transmitted through the cytoplasm have been reported in Drosophila 
bifasciata (Buz zati-Traverso, 19 -̂1; Magni, 1952, 1953; Moriwaki and 
Kitawaga, 195*0 j in the scolytid beetle Orthotomicus latidens (Lanier, 
1966) and in the arctiid moth Estigmene acrea (Earle and MacFarlane, 
1968). In D. bifasciata SR females mated to males from different 
strains produce progenies consisting mostly (95%) or completely of 
females when reared at 21°C. ' The surviving males from such crosses 
are unable to transmit the condition to their progeny.
Sex-ratio in bifasciata is temperature sensitive. Magni (195*0 
demonstrated that progenies of sex-ratio females reared at 26°C, 
consisted of both males and females and the females were unable to 
transmit the condition to their progenies, even if these were reared 
at 21°C or lower.
In bifasciata, injections of SR haemolymph or transplantation of 
SR ovaries into normal females failed to transfer the condition.
Making use of ovary transplantation techniques in an elegant manner,
(Kitawaga and Moriwaki, 1955)5 it was demonstrated that non SR 
ovaries implanted in SR females produced progeny consisting of 
both males and females (Moriwaki and Kitawaga, 1957). Similar results 
were obtained by Rasmussen (1956) by transplanting SR ovaries into 
normal female larvae. In this case the transplanted ovaries produced 
only females while the host's ovaries produced both sexes.
The findings of Moriwaki and Kitawaga (1957) and Rasmussen
(1956) seemed to strengthen the conclusions of Magni (195I+). The 
latter suggested that SR in bifasciata was caused by a cytoplasmic 
particle with a rate of duplication similar to the rate of cell 
division. Those XY zygotes that had a certain number of SR particles 
died but if the number of particles dropped below a certain level 
they were not lethal. The rates of duplication of the cytoplasmic 
factor and of the sex cells were differentially affected by increases 
in temperaturej thus those cells developing at 26°C divided faster 
than the SR factor. These cells contained a low number of cytoplasmic 
particles and they produced males, or females that did not transmit 
SR; the males and the non SR fema3.es appearing in about equal numbers.
An interesting feature of SR in D. bifasciata is that females 
cured by heat treatment were superior to wild and SR females in 
population cages (Magni, 1958). The SR females were more competitive 
than wild females, but less than the heat cured ones. Moriwaki and 
Kitawaga (1957) found the case to be also true in Japanese strains 
of D. bifasciata, but whether or not the increased fitness of SR 
females holds under natural conditions remains to be seen.
The unisexual (AF) factor in E. acrea is inherited through 
the female line. In rare instances, when some males survived in 
the progeny of a unisexual female, they were crossed but showed 
no discernible effect upon the AF factor (Earle and MacFarlane,
1968) .
Like SR in D. prosaltans and D. bifasciata, the AF factor 
seems to be non infective (Earle and MacFarlane, 1968). Also the 
production of all female progeny is due to mortality of male zygotes. 
This immediately distinguishes it from genetic SR in E. p s eudoob s cur a 
and "distorter" in mosquitoes since in those cases the zygotes are 
predominantly of one sex.
Unlike the E. bifasciata SR, when haemolymph from unisexual 
females, was injected into bisexual females, only females were 
recovered in the immediate progeny. However, these females failed 
to transmit the AF factor to the next generation (Earle and MacFarlane,
1968).
Sex-ratio strains in several species of bark beetles namely 
Ips tridens, I. englemani, I. simirosteris and jE. amiskwiensis 
(Hopping 1961, 1962 and Lanier and Oliver, 1966) are produced through 
gynogenesis, but a very unusual one was found in a population of 
Orthotomicus latidens (Lanier and Oliver, 1966). The latter resemibled 
the cases already described in E. bifasciata, E. prosaltans and E. 
acrea, since it was apparently transmitted through the cytoplasm. 
Lanier and Oliver (1966) claimed that a close parallelism existed 
between SR in 0. latidens and infective SR in Drosophila, but their
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report did not give information regarding this. However, they were 
unable to find a visible microorganism in the blood of SR females 
while this had already been done in the case of SR females in 
Drosophila (Poulson and Sakaguchi, i960, 1961). Lanier and Oliver 
(1966) suggested that the causal agent is either a virus or present 
in such low numbers in the blood to make its observation almost 
impossible. Its distribution can be limited to other tissues and 
SR is not present in the blood.
The infective SR in D. willistoni is probably the most fully 
investigated case of all known so far. Malogolowkin and Poulson
(1957) and- Malogolowkin, Poulson and Wright (1959) found the ooplasm 
injections (from abnormal eggs produced by SR females) induced 
the production of SR progeny in the first and subsequent generations 
of normal females. They observed that persistence of the SR factor 
was limited by male genotype. Crosses made between SR females and 
males from certain regions led to the disappearance of SR from the 
progenies. In this respect it was similar to SR in D. pro saltans, 
but in this, infective transfer was not possible. Further studies 
by Malogolowkin (1958) established unequivocally that the infective 
SR is transmitted only through the female. Like in prosaltans, 
bifasciata and E. acrea the mortality of the male zygotes accounted 
for the production of all-female progeny.
An infective agent was identified from the blood of Drosophila 
SR females by Sakaguchi and Poulson (i960, 1961). It was described 
as a Treponema-like spirochete 4 to 5 M. in length. These spirochetes
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appeared as fine filaments under dark field or phase contrast microscopy. 
They were very sensitive to osmotic shock and got very distended when 
haemolymph was diluted with distilled water. Treatment of the 
spirochetes with penicillin G led to rapid distention and inactivation.
That the spirochetes were the causal agents of infective SR 
in willistoni seemed evident from several experiments. Injections 
of sex-ratio haemolymph containing the spirochetes, if incubated with 
penicillin G, failed to induce SR in the treated individuals.
Moreover, the progeny failed to transmit SR to subsequent generations 
(poulson and Sakaguchi, i960, 1961). If penicillin G was injected 
into SR females, the number of spirochetes present in the blood was 
reduced drastically and at the same time some males appeared in the 
progeny. However, after 2b hours the spirochete count increased in 
the blood and no more males appeared in the progeny. Whenever the 
SR character was lost in the progeny, the spirochetes were lost also.
Whether or not the spirochete is the actual killing agent is 
not known for sure, but certain evidence suggests that a toxic 
material, probably of spirochetal origin is involved, as suggested 
by Williamson (1965* 1966). In D. melanogaster, females infected 
with spirochetes fail to transmit sex-ratio to the first broods, 
but then transmission increases to a peak in the later broods. Even 
though many female eggs escape infection, no males appear in the 
progeny. Williamson (1965) concluded that if some female eggs escaped 
infection some male eggs should have done likewise and thus survived.
His conclusion was further strengthened by studies in D. robusta
(Williamson, 1966). Unlike in melanogaster, spirochetes from an 
infected robust a female are transmitted in maximum numbers to the 
second brood and then decrease to almost zero in later broods. Hie 
same argument used by Williamson (1965) in melanogaster holds true 
in this case, since even in later broods no males develop and many 
of the females do not carry spirochetes (Williamson, 1966). It is 
important to mention that even though the bifasciata SR is not similar 
to the willistoni SR, when males appear in the progeny of the former 
they are always present in numbers equal to non SR females. It 
remains a fact however, that the spirochetes have to be present in 
the mother if SR is going to appear in the progeny (Williamson 1965, 
1966), even when the infection Is latent (Sakaguchi and Poulson, 1961).
The willi stoni type SR has proved to be very non-specific 
and successful transfers have been made into D. melanogaster (Poulson 
and Malogolowkin, 1959 j Sakaguchi and Poulson, i960, 1963), D. nebulosa 
(Malogolowkin and Carvalho, 1961), D. bifasciata (Poulson and 
Sakaguchi, 1961 ) and D. equinoxialis (Malogolowkin, 1959)* The 
SR in equinoxialis (also a similar spirochete) could not be transferred 
directly to nebulosa. However, if it was first transferred to willistoni 
and from this to nebulosa the transfer was successful (Malogolowkin 
and Carvalho, 1961). It appeared that the spirochetes had to go 
through a process of slow adaptation before they could infect 
individuals with unsuitable genotype.
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The infective type SR has been heat cured at least in one 
species. Malogolowkin (1959) heated newly laid SR eggs of D. 
equinoxialis for several hours at 39°C and obtained individuals which 
laid viable eggs of both sexes. The females obtained were free of 
SR and the loss was irreversible. Drosophila willistoni eggs treated 
the same way as those of equinoxialis produced females that were able 
to transmit SR to their progeny. These facts could be interpreted 
in two ways: the apparently similar spirochetes possessed distinct
genotypes or the genotypes of the infected flies gave some degree of 
heat resistance to the spirochetes.
The cytoplasmically transmitted infections are not limited to . 
factors modifying the sex ratio. A well studied case is that of the 
COg sensitivity factor in Drosophila (L'Heritier and Teissier, 19^5). 
Studies by L'Heritier and Hugon de Scoeux, 19^7) have shown that 
this factor can be transferred to normal individuals by injections 
of haemolymph or whole fly homogenates. Like the willistoni spirochete, 
the CC>2 sensitivity factor can persist for many generations if the 
genotype of the recipient is appropriate.
In general, insects harbor many intracellular microorganisms 
that produce effects much less noticeable than alternations of the 
sex ratio. Many cases sire known in which these organisms are 
transmitted in a way very similar to the spirochete transmission in 
willistoni. Moreover, many of them are so closely associated with 
the host that mutualism exists, the survival of one depending on the 
other. The interested reader is referred to the concise but com­
prehensive review by "Wigglesworth (1965).
Ik
MATERIALS AMD METHODS
Rearing of stock cultures.
Bisexual and all-female strains of E. acrea and a colony of 
E. congrua were reared using the diet of Vanderzant (1967), as 
modified by Earle and MacEarlane (1968). E. acrea individuals were 
obtained from the small laboratory colonies maintained by If. W. Earle. 
E. congrua was obtained using light traps placed at the home of 
N. W. Earle.
Newly hatched larvae were placed in one-ounce medicine cups 
1/3 full of diet. Ten larvae were placed in each cup, allowed to 
develop for 10 days and then transferred to individual cups. If 
contamination of the diet occurred, the larvae were transferred once 
more and allowed to pupate. The pupae were removed from the diet 
cups the next day after pupation. They were separated by sex and 
stored at l6°C until they were used.
All the rearing was done in a room maintained at £0°± 1.5°G 
but an incubator was maintained at l6°± 1.5°C for purposes of delaying 
the emergence of males used for mating with treated females. This 
was the only way available to partially synchronize the emergence of 
adults from the different laboratory strains.
The crosses were done utilizing the method of Earle and 
MacEarlane (1968). It consisted of placing individual pairs in one- 
pint ice cream cartons lined with brown paper towels, but instead 
of transferring the eggs to petri dishes for hatching, they were
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allowed to hatch in the mating containers. Brother-sister matings 
were avoided when possible, and the progenies of such crosses were 
never used for assay purposes.
In some instances, heavy bacterial contamination of the diet 
prevented the newly hatched larvae from developing normally. When 
this occurred, Aureomycin was added to the diet at a rate of \/h mg 
per gram of diet. The addition of Aureomycin to the diet actually 
served two purposes. One was the prevention of diet contamination, 
the other was a test for resistance of the all-female factor to this 
antibiotic.
Bioassay of all-female factor
Twenty microliters of fresh blood from aid-female pupae were 
about the minimum injected volume required to make a normal female 
produce all-female progeny. Lower injected volumes did not con­
sistently result in all female progeny. Much larger volumes had a 
tendency to increase the mortality among treated pupae.
Injections of partially purified material were made in such 
dilutions as to make it equal in concentration to that present in 
20 pi of blood. The materials were injected into U-day old pupae 
through the third abdominal intersegmental membrane, using disposable 
tuberculin syringes with 27 gauge needles. These syringes were fitted 
to a manual, screw-driven microapplicator.
When the adults emerged, they were transferred to mating 
cartons and crossed with males from a different line when possible.
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The eggs laid -were incubated, and counts were made to determine 
percent hatch. The newly emerged larvae were then transferred to diet 
(no antibiotic) and reared at 20°± 1.5°C until pupation. The pupae 
were collected, separated by sexes and the sex ratio calculated.
Female pupae from these experiments were discarded, but some male 
pupae were saved in order to have males for further crosses. The 
assays performed in larvae were essentially similar.
Preparation of blood serum
"Whole blood with some tissue and fat body impurities was 
obtained from 2-to 3-day old pupae. The front end of a pupa was 
cleaned with 70$ alcohol, and several punctures were made with a 
hypodermic needle. The pupa was squeezed gently until no more blood 
could be obtained. The blood was collected in cold polycarbonate 
centrifuge tubes containing a few crystals of disodium ethylene 
diamine tetractic (EDTA.) acid to prevent coagulation of the blood.
When a total volume of 20 ml of blood was obtained, it was 
centrifuged to remove the particulate material. First, it was 
centrifuged at 15,000 x g for 15 minutes. Three fractions were 
visible at the end of this period. The blood cells at the bottom of 
the tube and a floating mass of fat body cells were discarded, but 
the liquid fraction was saved and recentrifuged at 35?000 x g for 
30 minutes. This resulted in the production of a translucent, 




In order to determine if the AF factor could be permanently 
transferred to normal pupae, a large amount of blood from five AF 
pupae (1.2 to 1.3 cc) was injected into a female pupa from the 
bisexual strain. This caused an almost complete exchange of the 
blood in the normal pupa. To accomodate the extra volume, a puncture 
was made on the front part of each treated pupa so that some blood 
could come out. Seven individuals were treated. Those which 
emerged were crossed, and 50 of their progeny were reared. After 
pupation, the sex ratio was determined, and some crosses were made to 
produce a second generation. The experiment was carried on to a 
third generation and then discontinued.
Attempt to establish the presence of a cellular microorganism in the 
blood
To ascertain whether or not the AF factor was a cellular 
microorganism, the following experiment was performed. Blood serum 
samples obtained by the procedure already described was centrifuged 
at 35)000 x g. for 73 373 67, and 127 minutes. At each interval, 
fractions of the pellet and the supernatant were obtained and 
bioassayed with our standard procedure. Five pupae were used for 
each fraction assay. The percent egg hatch and the sex ratios of 
the progenies were determined.
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Destroying the all-female factor by heat treatment
All-female egg masses less than 12 hours old were obtained and 
each egg mass divided into four parts. One was immersed in a water 
hath at 27° ± 1°C. The other three were exposed to a temperature of 
^3°± 1°C for 5, 10, and 15 minutes respectively. The eggs were 
allowed to dry and were then incubated at room temperature (23°C). The 
percent hatch was determined and 20 larvae from each group were reared 
until pupation. The sex ratio of the pupae was determined. Some 
adults were allowed to emerge and crosses were made. The larvae were 
reared and the sex ratio of the second generation was calculated.
A second experiment for heat inactivation was performed 
following the finding of Earle (1966 unpublished data) who determined 
that heating blood for 5 minutes at 60°C destroyed the activity of 
the AF factor. On this basis, a fixed treatment time of 5 minutes 
was selected, and tenperatures of 35, ^0, 5̂, and 50°C were used.
The general procedure was similar to that used in the previous 
experiment.
Susceptibility of the all-female factor to TEPA (Tris(l-Aziridinyl)- 
Phosphine oxide)
Two different methods were used to test the effects of the 
chemosterilant: (l) injection of TEPA into AF pupae and (2) incubation
of AF blood with TEPA and subsequent injection into normal females.
In the first part, dosages of 100, 150, 200, 250 and 500 pg of TEPA 
per pupae were used, with a second series at concentrations of 10,
20, 30, 40, and 50 jig per pupae.
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A stock solution of 70$ TEPA was diluted, with. 0.01 M potassium 
citrate buffer, pH 7*lj to give the desired concentration for each 
dose. The total injected volume was 30 pi per pupa, and 5 individuals 
were used for each treatment. Ten individuals were used for controls 
and were injected with 30 pi of the diluent.
For the incubation experiments, blood serum was obtained by the 
procedure outlined previously. Five one-milliliter samples were 
incubated with TEPA at rates of 0.3, 0.6, and 0.9 bg/pl of serum.
At the end of a one hour incubation period at 23°C, the mixtures 
were acidified (pH 5*0) to hydrolyze the "unreacted" TEPA. The 
acidified mixtures were allowed to stand for 30 minutes at room 
temperature and were then bioassayed.
Sixty pi of treated serum of the appropiate dose were injected 
into each one of 5 bisexual pupae. A control was obtained by 
treating unisexual blood serum in an identical manner (less TEPA) 
and injecting it also in bisexual pupae.
Species specificity of the all-female factor
Twenty female pupae of Estigmene congrua were injected with 
blood from unisexual females of E. acrea. They were divided into 
four groups of five and treated with 10, 20, 30, and 40 pi of blood 
respectively, later another group of ten females was injected with 
IfO pi of AF blood serum. No control was used since the laboratory 
colony showed a consistent 1:1 sex ratio.
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After emergence, the adult females were crossed with males 
from different lines. Thirty larvae from each of the successful 
crosses were reared on non-antihiotic diet until pupation occurred.
The sex ratio was then determined. Further crosses were made using 
the progeny of treated individuals to determine if the AF factor was 
present but unable to show in the first generation. The sex ratio 
of the second generation was also determined.
Essentially the same experiment was performed using Heliothis 
virescens. After the emergence of the treated moths, crosses were 
made and the egg hatch calculated. Due to difficulties in rearing, 
the experiment could not be carried on until pupation of the progeny 
from treated individuals occurred. The data available is only that 
of the egg hatch and mortality in early instars.
Effects of Aureomycin on all-female factor
Ten pupae from the AF strain weighing between 0.95 and 1.05 g 
were selected for this experiment. Each pupa was injected with 0.01 
mg of Aureomycin suspended in 0.01M citrate buffer, pH 5*8* All 
survivors were crossed, but some laid infertile eggs. The eggs 
were incubated and the percent hatch determined. Twenty larvae from 
each cross were reared until pupation, and the sex ratios were 
determined.
Some pupae from crosses producing low egg hatch were selected 
for second generation studies. The adults were allowed to emerge and 
crosses were made to determine if the aberrant sex ratio condition
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had "been eliminated. Observations were made on egg hatch delayed 
larval mortality, and sex ratio of the pupae.
Salting-out the components of blood serum
This was accomplished by the consecutive addition of if- ml 
samples of saturated ammonium sulfate solution to 10 ml of blood serum. 
After each volume of salt solution was added, the material was 
allowed to stand for 10 minutes at if-°C and then centrifuged at 30,000 
x g for 13 minutes. The supernatant was removed immediately, 
transferred to another centrifuge tube and treated with more salt 
solution. This procedure was repeated -until no more protein was 
precipitated.
Each one of the pellets obtained after centrifugation was 
re suspended in 5 nil of 0-1M citrate buffer, pH 6. if-. They were 
assayed by injection of 50 pi samples into female pupae from the 
bisexual strain. live pupae were used per treatment including a 
control, but the latter was injected with plain buffer.
"When the adults emerged, crosses were made and some larvae 
reared until pupation. The sex ratio of the progeny from each 
individual cross was determined. Some of the females produced were 
used for second generation studies which would indicate persistence 
of the AF factor.
Partial purification of the active component
Twenty five AF pupae were finely ground in 100 mis of cold 0.1 M 
citrate buffer, pH 6.if-, using a VirTis "if-5" tissue homogenizer. The 
homogenate was centrifuged at 30,000 x g for 20 minutes at if-°C.
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Three discrete fractions were obtained: l) a sedimented pellet
consisting of ground tissues and fragments of pupal cases, 2) a 
floating fraction consisting primarily of fat body cells, and 3) an 
opaque liquid fraction. Separation of the fractions was accomplished 
by inserting a blunt 17 gauge-3 inches long hypodermic needle through 
the fat body cell layer and removing the liquid with a syringe.
The liquid fraction was recentrifuged at 30,000 x g for 30 
minutes or until it became transparent. It was then divided into 
20 ml portions, and each one placed in a 50 ml polycarbonate 
centrifuge tube for further treatment.
Twelve ml of saturated ammonium sulfate solution were added 
to each tube. The tubes were allowed to stand for 10 minutes at 4°C 
and were then centrifuged at 30,000 x g for 15 minutes. All pellets 
were saved and the supernatants discarded. Each pellet was then 
resuspended in 3 ml of cold 0.1M citrate buffer pH 6.4. The 
resuspended pellets were combined and dialyzed in cellulose tubing 
against buffer for 6 hours. Dialysis was also accomplished by gel 
filtration on a column 20 cm x 2.5 cm of Bio-Gel P-10 (polyacrylamide, 
hydrophilic, insoluble gel). The eluting buffer was the same as 
used for dialysis in cellulose tubing. After dialysis, the material 
was concentrated to 15 ml by the addition of Bio-Gel P-10 and 
bicassayed. The purification procedure is outlined in Figure 1.
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The purification procedure m s  usually uninterrupted. If it 
had to he stopped, it m s  always done after the ammonium sulfate 
precipitation. In that case, the supernatant could be removed 
and the pellet stored as such in a refrigerator for not more than 
2k hours, preferably less. Longer storage periods produced a loss 
of activity of the AF factor, plus darkening of the pellet due to 
phenolase activity. Before the material m s  again used, the 
surface of the pellet m s  mshed with buffer to remove the darkened 
proteins and then resuspended in 10 to 15 ml of buffer.
Ultracentrifugation of blood serum
Experiment 1 - Twenty ml of blood serum were prepared and 
divided in two portions. Each portion m s  then transferred to a 10 ml 
cellulose nitrate ultracentrifuge tube fitted with an aluminum cap 
and centrifuged at an average of 96,000 x g for 6 hours, using a 
Model 50 rotor in a Spinco Model L preparative ultracentrifuge.
The supernatants were removed immediately after centrifugation. 
The surface of each pellet m s  mshed with citrate buffer (0.1M, 
pH 6.k) to remove traces of the supernatant. Each pellet m s  then 
resuspended in 7 ml of buffer using a Vortex mixer. Both pellets 
and supernatants were assayed.
Experiment 2 - Forty ml of blood serum were divided into four 
10 ml samples and placed in cellulose nitrate ultracentrifuge tubes. 
The tubes were spun at 96,000 x g, and after 30 minutes, one tube m s  
removed. A second tube m s  removed after another 30 minutes, and
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the third tube 60 minutes later. The fourth tube was removed 120 
minutes after the third. Centrifugation times were then 30, 60,
120, and 240 minutes for tube #1, 2, 3, and If, respectively.
As soon as each tube was removed, the supernatant was discarded, 
and the pellet was washed and redissolved in 7 ml of 0.1M citrate 
buffer, pH 6.4. Each pellet was assayed by injecting 40 jJ. of material 
into bisexual female pupae, This experiment was also performed using 
the active fraction instead of blood serum.
Enzyme inactivation of the all-female factor
Two experiments were performed, one using blood serum and the 
second using the active fraction precipitated from the blood serum.
Both serum and active fractions were obtained by the procedures 
described previously, but were dialyzed in cellulose tubes against 
0.01M K2HPO4 - KH2FO4 buffer, pH 6.4, for 12 hours at 4°C. The buffer 
was changed twice during this period.
Seven one ml portions of dialysed material were placed in test 
tubes. The following procedure was used for treating blood serum 
and active fraction independently:
1) the material in tube #1 was assayed without further 
treatment.
2) tube #2 received no immediate treatment.
3) a measured volume of 15$ HC1 was added to tubes 3 and 4 
to obtain a pH of 3*
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1+) 5 to 7 mg of pepsin (porcine stomach mucosa, grade B1
were added to tube #4.
5) 10 mg of papain (African papaya) were added to tube #5.
6) 7 mg of ribonuclease (Hirs conponent A) were added to tube #6.
7) and 7 mg of desoxyribonuclease (Grade B) were added to tube 
#7.
The tubes were kept in ice water during the preparatory steps.
As soon as all treatments were completed, they were incubated for 
two hours in a water bath at 37°± 1°C. At the end of the incubation 
period, all tubes were immediately transferred to an ice-water bath 
until the assays were performed.
Bioassay procedures similar to those described previously 
were used. The material from tube #2 was injected into 3 female 
pupae from the bisexual line. Seven pupae were used to assay each 
one of the materials in tubes #3 to #7.
The survivors were crossed. Progenies from the fertile crosses 
were reared until pupation. Information regarding percent egg hatch, 
sex ratio, and delayed mortality in larvae was recorded.
■“■A description of the enzymes is included in Appendix I
RESULTS
Infectivity test
Only three out of 7 adults emerged following injections with 
a massive dose of the preparation containing the AF factor. One of 
them was extremely deformed and died one day after emergence. The 
two surviving females were crossed to males from a different line 
and both laid viable eggs. However, one of them appeared to be 
weakened, failed to fully expand the wings and oviposited in layers 
two to three eggs deep rather than one egg deep which is normal.
Approximately 50$ of the eggs from the normal-looking female 
and 25$ of those from the weakened female hatched. Fifty larvae 
of each cross were placed on diet. Ho mortality occurred during 
the first instar and survival to the pupal stage was better than^
80$. The sexes of the pupae were determined and all were found to 
be females.
Three females from each group were crossed in order to get a 
second generation. All six crosses were fertile and in every case 
the egg hatch was close to 100$. Twenty larvae from each cross were 
reared in antibiotic free diet. The progeny of each cross consisted 
of males and females in approximately equal numbers.
Six second generation females were crossed to produce a third 
generation. Again, the egg hatch was almost 100$. The pupae 
recovered for the third generation consisted of Ul females and ^7 males
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Attempts to establish the cellular nature of the all-female factor
Blood serum samples were centrifuged at 35,000 x g for 7, 37,
67 and 127 minutes and fractions of the pellets and supernatants 
were assayed to determine if a cellular microorganism had sedimented.
Hie survival of the treated pupae in this experiment was high. Out 
of i+0 pupae injected with supernatants only 15 died, and from 20 
pupae injected with the sedimented fractions l4 survived.
Each individual that was injected with the sedimented fractions 
after mating, laid eggs, nearly all of which hatched. It made no 
difference how long the serum had been centrifuged. The progeny of 
each cross showed a 1:1 sex ratio, as if no active material had been 
sedimented. Had the material been of bacterial size, or at least 
like the willistoni spirochetes, some activity should have been 
found in the pellets.
It is possible that if the material had indeed sedimented to 
a slight extent, the re-suspended pellet would not contain enough 
AF factor to be detectable. However, no apparent losses could be 
-detected in the supernatants. Injections of 20 jjJL samples of serum 
produced very consistent results as would be expected if no material 
had sedimented.
Serum was utilized for these experiments since Earle (unpublished) 
had found that little, if any, AF factor was present in the blood 
cells. In an attempt to verify his results, blood and fat body 
cells obtained during the preparation of blood serum were resuspended 
in buffer and assayed. Individuals injected with resuspended blood
tf
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cells produced progeny consisting of males and females in about 
equal numbers. The same results were obtained from those injected 
with massive amounts of fat bocly cells. These findings established 
conclusively that the AF factor was present in greatest concentration 
in the blood serum.
The supernatant obtained after 127 minutes of centrifugation 
was examined under the compound microscope and found to be free of 
blood cells and fat body. Bioassay showed that the AF factor was 
still present. Observations under phase-contrast at 900 magnifications 
did not reveal the presence of any visible microorganism.
Destruction of the all-female factor by heat treatment
In the first series of experiments, eggs from all heat treat­
ments (except if3°C for 10 min) hatched. Twenty larvae from each 
group were reared when possible. Only female progeny were obtained 
from the treated eggs. Some of these females were used to produce 
a second generation. Four crosses were attempted in each group but 
only a few were successful. The percent hatch varied considerably, 
but again, the progeny in each case consisted exclusively of females.
The experiment was repeated and again only few eggs hatched 
from the group treated at ^3°C for 10 min. Twelve individuals were 
obtained and all were females. Some were crossed, and the progeny 
from these crosses were also all-female.
The second series of experiments was performed in an attempt 
to determine, within closer limits, the highest tenperature the eggs
could tolerate. Hone of the eggs tolerated an exposure to 50°C 
for 15 minutes. In this treated group no evidence of embryonic 
development was observed. However, eggs treated at ^5°C for 15 min 
showed definite embryonic development, even though many failed to 
hatch. The larvae that hatched from this group of heat-treated 
eggs were females, like those of the control. A second generation 
was reared and the progeny consisted exclusively of females.
The failure to eliminate the AF factor by heat treating -the 
eggs was surprising. Earle (1967, unpublished) was able to 
inactivate the AF factor by heating pupal haemolymph at 60°C for 
5 min, and I was able to reproduce his results. Moreover, thermic 
cures of SR in D. bifasciata (Magni, 195^) and D. equinoxialis 
(Malogolowkin, 1959) had been achieved. It seemed that treatments 
at higher temperatures were required to destroy AF factor but the 
eggs could not resist these higher temperatures.
Susceptibility of the all-female factor to TEPA
The pupae treated with 200 , 250, and 500 jig of TEPA all died 
within a week. Those treated with 150 |j,g of TEPA survived but 
failed to mate and laid no eggs. Three pupae survived the treatment 
with 100 |ig of TEPA. These were crossed but laid only sterile eggs.
Fertile eggs were obtained only from individuals treated with 
10 or 20 |jg of TEPA. At rates of 30, 0̂, or 50 (jg/pupa,' TEPA 
effectively sterilized the females. Egg masses containing fertile 
eggs were incubated. Fifty percent of the eggs hatched in those
egg masses coming from females treated with 10 jig of TEPA, compared
to only 3-5$ hatch in the egg masses coming from females receiving
(20 jig. The larvae were reared until they pupated; only females 
were obtained. Some females (if) from the higher TEPA treatment 
were crossed to produce a second generation. Egg masses from these 
crosses showed 50$ hatch. Twenty larvae from each cross were reared 
until pupation and they proved to be all females.
A second experiment was conducted in which blood serum was 
incubated with TEPA at concentrations of 0.3) 0.6, and 0.9 fig TEPA/jjI 
of serum for one hour at room temperature. None of the pupae 
survived when injected with serum incubated with the highest 
concentration of TEPA. Only one survivor was obtained from the 
intermediate dose and three from the lowest dose. Crosses were 
made and fertile eggs were obtained only from individuals treated 
with serum with the lowest TEPA concentration. Many larvae died 
just after emergence and the survivors were all female.
The high pupal mortality,in the group treated with serum 
incubated with the highest TEPA concentration can not be readily 
> explained. In the previous experiment, dosages of 50 jig TEPA/pupa 
caused sterility but not total mortality. It seems that acidifying 
the treated -serum to pH 5 was not enough to hydrolyze most of the 
TEPA.
Species specificity of the all-female factor
Survival of E. congrua pupae injected with blood of E. acrea
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was about 50$ except in the group injected with ifO pi in which all 
pupae died, For this reason 10 more pupae were injected with 1+0 pi 
each, using a slightly modified technique.
Because the E. congrua were much smaller (less than half 
of the size of E. acrea), a puncture was made in the anterior part to 
allow some haemolymph to come out while the relatively large 
volumes of fluid were being injected. This increased the survival 
rate of treated pupae from one out of five to three out of five.
The progeny from treated females consisted of about equal 
numbers of males and females regardless of the amount of AF haemolymph 
injected. A second generation was reared from the daughters of 
individuals treated with the highest dose of AF haemolymph. The 
sex ratio of the second generation was 1:1.
Earle (1967, unpublished) had obtained some indication of a 
distorted sex ratio when E. congrua was treated with haemolymph 
from all-female E. acrea. In the present experiment no indication 
was obtained to substantiate any interspecific effects.
All-female blood was also injected into Heliothis virescens 
pupae. The mated survivors laid eggs nearly 100$ of which hatched.
Mo mortality of early instars was noticed but the insects could not 
be reared to pupation. The high egg hatch and the absence of early 
instar mortality in H. virescens, combined with the failure to induce 
sex ratio distortion in E. congrua, clearly indicated the high or 
maybe absolute specificity of the AF factor.
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Effect of Aureomycin on the all-female factor
Bacterial contamination of the diet sometimes posed serious 
problems to the successful rearing of E. acrea on the artificial 
diet. An antibiotic had to be added to the diet to diminish the 
losses due to contamination. This -was done rather reluctantly 
because if the AF factor ■were of an infective nature (like SR 
in D. willistoni) it might disappear from the laboratory strains. 
However, as it turned out, many generations of the all-female 
strain were reared in diets containing Aureomycin with the exclusive 
production of all-female progeny.
The lack of effectiveness of Aureomycin in the diet did not 
prove that the AF factor was non-infectious. The possibility 
remained that the larvae could not obtain enough antibiotic from 
the diet to effectively cure the condition. To test this possibility, 
ten AF pupae were injected with Aureomycin suspensions. Six 
survivors were obtained, but only five mated successfully. Two 
of these laid infertile eggs and the other three exhibited egg 
hatch of 50$ and lower.
If Aureomycin had destroyed the AF factor, some egg masses 
from treated individuals should have had a hatch of better 
than 50$. In no case was such a high egg hatch observed and only 
one out of three survivors laid eggs with a hatch approaching 50$.
The other two exhibited 15-20$ egg hatch. Twenty larvae from each 
female were reared without encountering significant mortality
during the early instars. When these pupated they were sexed and
no males could he found.
We might postulate that Aureomycin could kill the hypothetical
microorganism responsible for the all-female condition. However, it
is possible that the organism itself is not the actual killing agent,
but produces a metabolite toxic to male embryos. If so, elimination
of the causal agent would not necessarily eliminate the toxic agent.
In this case, the progeny of the treated females would consist
m-exclusively of females, but these would be unable to transmit the 
AF factor to their progeny.
To test this hypothesis, several adults produced by larvae
f
from low-hatch egg masses were crossed to produce a second generation. 
Pour fertile crosses were obtained and in each case the egg hatch 
was close to 50$- Twenty larvae from each cross were reared to 
pupation and proved to be exclusively females.
An attenpt was made to duplicate the results from the 
Aureomycin treatment using penicillin G, instead. Etor some 
unexplained reason no fertile crosses were obtained. However, it is 
interesting to notice that the survival of treated individuals was 
100$, the highest ever obtained after any sort of treatment by 
injection.
Prom the evidence obtained, it could only be concluded that 
the AP factor is not infective. The findings support Earle 
and MacParlane’s (l$6Q) conclusion that the AP factor is a "hormone 
like" material present in the blood. Based on this evidence, further
experiments were designed to establish the nature of the blood- 
borne factor. \
Salting-out the components of blood.serum
Four protein pellets were obtained by consecutive ammonium 
sulfate precipitations from a 10 ml sample of blood serum; these 
were bioassayed using the standard procedure. Three survivors were 
obtained from the group treated with the first sedimented pellet. 
These individuals were mated, whereupon the females laid fertile 
eggs which had 50$ hatch, and produced progeny consisting only of 
females. These females failed to transmit the AF factor to their 
progeny.
Two survivors were obtained from the group treated with the 
second sedimented pellet. These were mated and laid fertile eggs. 
Unlike those in the first group, these eggs hatched close to 100$. 
When some of the hatched larvae were reared, no significant mortality 
could be observed in early instars. The progeny in each case 
consisted of males and females in approximately equal numbers.
Ho survivors were obtained from the groups injected with the 
third and fourth sedimented pellets since the salt concentration 
was too high and proved to be toxic. There is no reason to believe 
that if some had survived, their progeny would not be comparable 
to those of individuals injected with the second sedimented pellet.
It was evident that most of the active material was precipitated 
after the first If- ml of saturated ammonium, sulfate solution had 
been added to the blood serum. The doubt remained, however, that
/
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the second group of pupae might not have received enough material 
to suppress the production of males due to difficulties during 
treatment.
The same experiment 'was repeated, hut this time the pellets 
■were redissolved and dialyzed against 0.01M citrate buffer, pH 6.4, 
for 12 hours at 4°C. The results obtained with the first pellet 
were identical with those obtained in the previous experiment. 
Individuals injected with the second, third, and fourth pellets 
produced bisexual progeny, showing conclusively this time that 
little active material if any remained in the supernatant after the 
first addition of salt solution.
The presence of phenolase in the active fraction created 
some serious problems, since the extracts would darken and lose 
activity rapidly. Something interesting was found in this respect. 
Whenever a sample was obtained which would not turn dark after 
exposure to air, this sample when injected into bisexual pupae 
lacked the ability to suppress production of males. This proved 
to be so consistent that further fractions, unless they turned dark 
on exposure to air, were not utilized for analysis. However, this 
does not imply that a "particular" phenolase and the AF factor 
are identical.
A short experiment demonstrated that phenolase and the AF 
factor were not one and the same. Blood serum from AF pupae was 
obtained and treated with EDTA to prevent darkening. It was placed 
in the refrigerator for 7 days, at the end of which it was removed
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and dialyzed against 0.01M citrate buffer, pH 6.^, for U hours.
At the end of the dialysis period, the serum was dark showing that 
phenolase was still active. However, assays before and after dialysis 
demonstrated that the capacity to suppress development of male 
zygotes was lost.
Partial purification of the active component
It was soon realized that any attempts to isolate and purify 
the active component would require greater amounts of material than 
could be obtained by bleeding pupae. Blood serum would probably 
be the ideal source of the component, but the extracting procedure 
was tedious and not every pupa gave high yields of blood. Moreover, 
if the pupae were older than three days, the blood was always 
heavily contaminated with fat body and probably with other tissues. 
Preferably the starting material used for purification should have 
been free of contaminants (materials other than the AP factor).
It was assumed that if the pupae were finely ground using a VirTis "^5" 
homogenizer at medium settling many cells would not break open and 
this would limit the amount of contaminants recovered in the buffer. 
Polyacrylamide gel electrophoresis of blood samples and pupal 
homogenates proved that the assumption was valid. Not many more 
components were found in homogenates than in blood. In that case 
the use of blood did not offer any advantage over the use of pupal 
homogenates.
Pupae were homogenized (actually finely ground) and the 
fragments of pupal cases, tissues and fat body cells were removed 
by centrifugation. The fat body cells were assayed but no activity 
was found associated with them. The tissue fragments could not 
be assayed because they clogged the needles used for injection.
The supernatant (liquid fraction) was treated with saturated 
ammonium sulfate solution at a rate of 6 ml per 10 ml of supernatant. 
This represented 50$ more salt than that required for precipitation 
of the active component from blood serum. After concentrating the 
material from 25 pupae to a volume of 15 ml, it was assayed by 
injecting 20 pi volumes into five bisexual female pupae.
Three survivors were mated; they laid eggs showing less 
than 50$ hatch. Some larvae were reared without encountering 
mortality during the early instars. After pupation they were 
sexed and all proved to be females.
Sometimes, long centrifugation times were required before 
the liquid fraction from the homogenates became clear. In one 
particular case two hours of centrifugation were required and the 
liquid was still opaque. To prevent this, the purification 
procedure was slightly modified in subsequent experiments. The 
homogenates were centrifuged for 30 minutes at 30,000 x g. The 
pellet and the floating fat body cells were discarded, and the 
supernatant was transferred to a clean centrifuge tube. Three ml 
of saturated ammonium sulfate solution were added per 10 ml of 
supernatant. The mixture was centrifuged as before and both pellet
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and supernatant were assayed. No activity could be detected 
in the pellet. However, bisexual female pupae injected with 
supernatant produced progeny which lacked males.
To the same supernatant, more salt solution was added in the 
same amount and ratio as in the first addition. The mixtures 
were centrifuged as before and a hard pellet and a crystal clear 
supernatant were obtained. Bioassays demonstrated that the activity 
was present in the pellet and not in the supernatant.
Before any of the pellets or supernatants were assayed, 
they were desalted either by dialysis in cellulose tubing or by 
gel filtration in a 2.5 x 20 cm column of Bio-Gel P-10 (insoluble, 
hydrophilic polyacrylamide gel). Gel filtration was faster and 
easier to accomplish and the desalted materials did not darken 
readily. But in some cases, after gel filtration, the activity 
was lost completely for no apparent reason. Because of this, 
dialysis in cellulose tubing was preferred even though it took 
6 hours (and was not desalted completely); some darkening of the 
material also occurred.
Further attempts to purify the material using columns packed 
with Bio-Gel p-100, Sephadex G-25 or G-100 failed. It seemed 
that the dilution was so great that even after precipitation and 
concentration of the active fractions the material was not present 
in large enough amounts for assay purposes. If the sample size 
applied to the columns was increased too much, the resolution was 
poor and nothing could be accomplished. 'When the material, was
1*0
concentrated it became too viscous, some of the impurities came out 
of solution, and finally clogged the column.
The only way to assay the active conponent is by injection 
into a bisexual female. This assay method is rather insensitive 
considering the amount of blood necessary to produce consistent 
results. Let it be assumed that a pupa contains 500 pi of haemolymph 
and that 20 pi are required for assaying. Further, assume no 
losses during precipitation or extraction of the material. If one 
ml of solution is applied to a column (for gel filtration) and it 
is diluted to 5 nil when recovered, at least 100 pi of the eluted 
material must be injected to produce any effect. But dilutions 
of five times or greater are not uncommon (Determann, 1968) and the 
injections of such large amounts of buffer into a pupa are fatal 
in most cases. It is easy to realize that after actual losses 
during the extraction procedure, plus the dilution factor, the 
effectiveness of the assay is reduced drastically. For these 
reasons different procedures were tried in order to establish the 
nature of the AF factor In E. acrea.
Ultracentrifugation of blood serum
Experiment I - A crystal clear pellet was sedimented when 
blood serum was centrifuged at an average of 96,000 x g for 6 hours. 
The pellet was redissolved in 10 ml of 0.1M citrate buffer pH 6,k 
and assayed along with the supernatant. Individuals injected with 
the resuspended pellet produced all"female progeny but those
i f l
injected with the supernatant produced males and females in 
approximately equal numbers.
Polyacrylamide gel electrophoresis of the pellet demonstrated 
the presence of three main components. Four very minor components 
were also visible, but their concentrations seemed to be very low 
when compared to the three major ones. The ultraviolet absorption 
spectrum of the pellet material showed an absorption maximum 
at 280 mp with no evidence of absorption at 260 mp.
The same experiment was repeated to determine the min-in-nrm 
length of time required to sediment the active material. This 
time the material was centrifuged for 2 hours under the same conditions 
described above. Fifteen pupae were injected with redissolved pellet 
and ten with the supernatant; eleven and six individuals survived 
respectively. Five control pupae were injected with serum that 
had been allowed to stand for two hours in a refrigerator.
The three survivors from the control treatment produced all­
female progeny. Those injected with either supernatant or pellet 
produced progeny ranging from all-female to bisexual; when the 
total number of individuals was considered, there was a predominance 
of females. These results are summarized in Tables 1 and 2.
From these results it can be seen that part of the active 
material was being lost from the supernatant, as evidenced by 
the appearance of males in the progeny of the treated individuals.
But the material lost from the supernatant appeared in the pellet.
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Table I. Percent egg hatch and sex ratios of progenies derived from 
six bisexual females injected with a redissolved pellet 
produced by centrifugation of AF blood serum at 96,000
x g for 2 hours, 
female progeny.
The control (unlisted) produced all-
Female Percent Sex ratio
No. Males Females hatch ?:cf
1 0 11 50 AF
2 3 7 50 7:3
3 k 12 90+ 3:1
k 0 10 50 AF
5 k 6 75 3:2
6 k 7 90+ 7:^
Total 15 53 53:15
^3
Table II. Percent egg hatch and sex ratios of progenies derived 
from eleven bisexual females injected -with supernatant 
remaining after centrifugation of unisexual blood 








1 0 12 50 AF
2 2 7 90+ 7:2
3 - - - -
4 0 8 50 AF
5 3 5 25 5:3
6 0 9 50 AF
7 3 7 90+ 7:3
8 l 4 50 4:1
9 1 0 <5 0:1










The progenies from individuals treated with re suspended pellet 
showed a marked reduction in the number of males.
Experiment 2 - The progenies from individuals treated with 
pellets formed from blood serum centrifuged for 30 and 60 minutes 
consisted of nearly equal numbers of males and females in each case. 
Three individuals treated with the pellet formed after 120 minutes 
of centrifugation produced bisexual progeny, but one produced all­
female progeny. The individuals treated with the pellet obtained 
after 4 hours produced progeny consisting exclusively of females.
The same experiment was repeated using the active fraction 
instead of serum. Identical results were obtained except for the 
pellet obtained after 2 hours of centrifugation. Three survivors 
from this treatment produced all-female progeny.
The ultraviolet spectrum of the pellet obtained after 2 hours 
of centrifugation exhibited maximum absorption at 280 mjj, with no 
detectable absorption at 260 mji. Two main protein bands could be 
seen after electrophoresis on polyacrylamide gels (Disc Electro­
phoresis) .
Several attempts were made to identify a component in females 
from the unisexual strain which could not be found in bisexual 
females. For this purpose a protein fraction from bisexual females 
was extracted using the same procedure used to obtain the partially 
purified AF factor. The material was resuspended in 0.01M citrate 
buffer pH 6.k and centrifuged at 96,000 x g for 2 hours along with
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material containing AF factor. The pellets produced were assayed 
using the standard procedure.
As expected, the material obtained from hi sexual females 
had no male-killing effect. However, the material obtained from 
the unisexual strain suppressed the production of male progeny.
It was expected that these fractions would show differences in 
composition. Surprisingly, after electrophoresis in polyacrylamide 
gels both fractions showed 2 main components and a faint third 
component. The most careful examination could not discern any 
differences in the migration of the proteins. They looked as 
if they were all coming from the same sample.
Enzyme inactivation of the all-female factor
Deoxyribonuclease and ribonuclease digestions had no effect 
on the AF factor. Two survivors from the ribonuclease treatment 
and one from the deoxyribonuclease treatment produced progenies 
containing only females. These results were identical to those 
obtained with the untreated controls.
Only one pupa survived the injection of papain and it was 
from the treated blood-serum series. After emergence it was mated 
but died after laying a few eggs. Hatch was only about 10$, but 
some larvae were reared successfully. Both males and females were 
present in the progeny but females seemed to predominate (8$r .
In subsequent tests none of the treated individuals survived.
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Further experiments were tried using pepsin, but only one 
survivor was obtained, which died soon after mating. The few eggs 
laid were infertile and showed no signs of embryonic development.
The results obtained with pepsin were disappointing at first. 
In two preliminary experiments all the pupae injected with either 
pepsin-treated blood serum or active fraction died within a period 
of 5 days. At first the pupae turned soft and desintegrated 
when handled. Inside, the treated pupae contained a bad smelling 
dark fluid and no evidence of fat bodies or other tissues. It 
seemed as if the amount of pepsin injected digested the inside of 
the pupae, leaving only the thin non cellular cuticle Intact.
All the other experiments were performed using lower amounts (7 mg) 
of pepsin for treatment and this increased the survival appreciably.
The progeny from females injected with pepsin-treated blood 
serum consisted of males and females in about equal numbers. Only 
females were obtained from pupae injected with either untreated 
blood serum or serum1 incubated at ph 3- Similar results were 
obtained when the active fraction was substituted for blood serum.
The results obtained from the pepsin treatments were 
encouraging enough to try a larger scale experiment. This time 
12 pupae were used per treatment. Those injected with untreated 
material produced only female progeny. Six individuals from the
1Before injection the mixture was brought to pH 6, since it 
coagulated at pH 3.
pepsin treated group produced "bisexual progeny but one of them 
produced very few males (379:12cf).
Something very interesting was found in the progeny of one 
of the individuals treated with the active material incubated at pH 3. 
Four females produced only female progeny. This was expected since 
it agreed with the results of the previous experiments, "but one 
female produced progeny consisting mostly of males (̂ $:65cf). The 
few females obtained did not produce offspring. There was no 
explanation for this, but Earle (1967, unpublished) on one occasion 
also obtained a group of moths consisting almost entirely of males.
He was unsuccessful in crossing those males and the same thing happened 
in this case. The males were apparently sterile.
It is very unlikely that the injections of acid treated 
material were responsible since this never happened in previous 
experiments. Besides, in Earle's case, he was working with 
untreated individuals. Two things remain unclear. The mother in 
this case should have produced only female progeny, since other 
individuals treated similarly produced no males. Also, if males 
were going to be produced, they should have been outnumbered by 
females. The possibility of existence of a genetic factor 
responsible for the production of predominantly male progeny cannot 
be ignored at this point.
DISCUSSION
In insects •with homogametic females, an inheritable phenomenon 
transmitted, exclusively through the mother can be attributed either 
to a cytoplasmic factor or an infective agent transmitted 
transovarially. Both types of situation are exemplified by the 
maternal sex-ratio factors in Drosophila bifasciata that is 
apparently cytoplasmic (Magni, 1952, 1953; Moriwaki and Kitawaga,
195^3 1957; and Rasmussen, 1956) and the willistoni complex which is 
of the infective type (Malogolowkin and Poulson, 1957; Poulson and 
Sakaguchi, i960, 1961). However, in Lepidoptera the presence of 
heterogametic females offers another possibility since the Y- 
chromosome is present only in the females.1
In Estigmene acrea, infective transfer of the AF factor is not 
obtained by injections of haemolymph. fat body, blood cells or 
larval homogenates into bisexual pupae or late instar larvae. 
Injections of Aureomycin or TEPA into three-day-old pupae do not 
destroy the AF factor. Moreover, the AF factor is not destroyed 
when egg masses are heated to the point of reducing hatchability to 
less than 5$ hatch. Observations by phase-contrast microscopy do 
not reveal the presence of an extraneous organism in blood serum 
containing the killing factor. All this evidence is in sharp contrast 
to that obtained with the infective SR in D. willistoni. Injections
xIn organisms with heterogametic females the terms W and Z 
are used to denominate the sex chromosomes. However, in E. acrea Y 
will be used instead of W to prevent confusion.
of SR haemolymph or obplasm into normal females lead to the pro­
duction of all-female progeny and the characteristic persists for 
many generations (Malogolowkin and Poulson, 1957; Malogolowkin,
Poulson and Wright, 1959)- In "the blood of willistoni SR females 
there is a spirochete that has been definitely linked with the 
production of unisexual progeny (poulson and Sakaguchi, I960, 1961).
The spirochete is destroyed by penicillin G and also by heating eggs 
in the case of D. equinoxialis. However, in D. willistoni the sex- 
ratio condition cannot be heat-cured in the egg stage (Malogolowkin, 
1958, 1959)’ ^  experimental observations in D. willistoni and D.
equinoxialis when compared to those in E. acrea can only be used to 
conclude that the all-female factor is non-infective.
Several attempts to purify the AF factor using protein 
purification techniques showed that it was present in the protein 
fraction of blood serum. The active material in blood serum could be 
precipitated by the addition of ammonium sulfate. Moreover, when 
blood serum or active fraction obtained by ammonium sulfate 
fractionation was processed in the preparative ultracentrifuge, pellets 
containing active material were obtained. It was shown that the 
appearance of activity in tne pellet coincided with the disappearance 
from the supernatant. The redissolved active pellets showed a UV 
absorption maximum at 280 mp with no apparent absorption at 260 mp.
This prompted the assumption that the material was proteinaceous in 
nature. The assumption was further strengthened by the failure of
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ribonuclease and deoxyribonuclease to inactivate the AF factor, 
while digestions with pepsin (and possibly papain) destroyed it.
The evidence obtained seemed to indicate that the blood-borne AF 
factor was a protein.
This protein cannot be the self-perpetuating agent found in 
the AF strain of E. acrea. It must be produced through the action 
of a genetic factor which is (or is contained in) the self- 
perpetuating agent. The possibility of an infective agent being the 
immediate cause can be excluded based on experimental evidence.
Thus, the factor controlling the production of the toxic protein 
must be located either on the Y-ehromosome or in the cytoplasm.
It is possible that a gene responsible for the production of 
the toxic male-killing protein in E. acrea is located on the 
Y-chromosome. This could readily explain the fact that the AF 
character is transmitted only through the female for many generations. 
However, for certain theoretical reasons geneticists believe that the 
Y-chromosome is inert and almost devoid of genes (refer to Swanson, 
1957). Hamilton (1967) offered a possible explanation for the 
apparent inertness of the Y-chromosome. He argued that a population 
in which a driving Y-mutant was spreading could be saved by another 
mutation, in an autosome or on the X-chromosome, which was capable of 
counteracting the relevant region of the Y-chromosome. In doing so, 
the new mutant could spread since the individuals would then have a 
selective advantage. Once the Y-linked gene (or whole chromosome) 
had been neutralized, this gene would play no important role and could
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be eliminated. In this fashion, the Y-chromosome could become inert.
In Drosophila the Y-chromosome plays a very limited role in sex 
determination (refer to Swanson, 1957)* An individual with genotype 
XY would be a male but if an extra X-chromosome were added (XXY), 
the individual would be a female. Sex determination in Drosophila 
is determined by the number of X-chromosomes present or more 
accurately, by the number of X-chromosomes to sex-determining factors 
on the autosomes.
In Bombyx mori the case is different. The Z-chromosome 
(the equivalent of X in Drosophila) plays no role in sex determination. 
It is the presence or absence of the W-chromosome (the equivalent 
of Y in Drosophila) that determines the sex of the individual 
(Hasimoto, 1933 quoted from Tazima, 196U). If the W-chromosome has 
such a strong sex-determining character in Bombyx, it must therefore 
contain genes. If the genes located in a certain portion of the 
W-chromosome of Bombyx (Tazima, 196 )̂ can determine the sex of an 
individual, there is no reason to suspect that probably a single 
gene located likewise in E. acrea cannot be responsible for the 
production of a proteinaceous material capable of killing the male 
embryos.
The strong sex determinants found in Bombyx could be a simple 
exception to the inertness of the W (or Y) chromosome. However, 
in the Pale Brindled Beauty (Phigalia pilosoria) there is strong 
evidence to support the idea of a Y-linked gene. A particular
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black form of Phigalia produces offspring which contains black 
females and normal males. These females transmit the characteristic 
to their female progeny but the males neither transmit nor affect it. 
(refer to Ford, 1955)- The case in E. acrea is somewhat similar to 
the case of Phigalia. In rare instances when the males survive, 
they fail to transmit the AF character (Earle and MacFarlane, 1968).
Unfortunately, inheritance of a male-killing factor through 
the y-chromosome or through a cytoplasmic factor in Lepidoptera 
cannot be readily distinguished, and therefore no conclusion can be 
drawn on the manner of inheritance of the AF factor in E. acrea.
In either case the factor would be transmitted strictly through the 
females, but in the case of a Y-linked gene the males would not 
contain it. It would be an easy matter to try to isolate the all­
female factor from the males of E. acrea, but it must be remembered 
that only in very rare cases do they survive. Also, the fact that 
they do survive occasionally may simply mean that the lethal factor 
was present in only small amounts in those individuals. If the 
material could be isolated from the males, it would provide conclusive 
evidence that Y-chromosome-linked genes are not involved. In such a 
case It could only be concluded that the causal agent is a cyto­
plasmic factor.
The experiment would be inconclusive If the material could not 
be obtained from males surviving in the progeny of all-female 
individuals. The situation can be interpreted in three ways; the
Y-chromosome carries the responsible gene, there is a cytoplasmic 
factor that is sex limited, or there is a gene present in those males 
that prevent the multiplication of the cytoplasmic factor. Although 
no evidence of true cytoplasmic inheritance in Depidoptera is found 
in the literature, this possibility cannot be excluded in E. acrea. 
Oliver (195 )̂ has described two color phases in larvae of the fall 
webworm (Hyphantria cunea) which could be inherited through the 
cytoplasm. The offspring from the two races are always like the 
larvae that produced the mothers; the males do not transmit the 
characteristic. The condition in Hyphantria has not been studied in 
detail and it is not clear whether or not an infectious agent 
transmitted transovarially is involved. An alternate possibility is 
that the factor is Y-linked, but that larval color is influenced 
by non-heritable maternal effects (refer to Sinnott, Dunn and 
Dob zhansky, 1958).
The similarities between the all-female factor in E. acrea 
and infective SR in Drosophila are more apparent than real. The 
all-female factor is completely different from the SR condition in 
Willistoni, the latter being of an infectious nature (poulson and 
Sakaguchi, i960, 1961)■ It does not resemble the SR condition 
found in D. bifasciata, which is limited to the ovaries, apparently 
with no blood-borne toxic agent being produced (Moriwaki and 
Kitawaga, 195^, 1957; and Rasmussen, 1956). One can only conclude 
that the AE factor in E. acrea is unique among those already reported.
One puzzling question still remains unresolved: of what
survival benefit is the AF factor in nature? If the AF factor 
offers any selective advantage to the females carrying it, and if it 
is linked to the Y-chromosome, a potential threat to the survival of 
the population is always present. In such circumstances the 
production of exclusively female progeny in contrast to production of 
bisexual progeny would lead to the reduction of the male population 
to the point in which random matings of these males with normal 
females would be practically impossible. However, it must be emphasized 
that the AF factor has been found only in the Baton Rouge area 
(Earle, 1968) and in low frequency.
I can only say that the presence of the AF factor in E. acrea 
should not be considered a rare phenomenon. It is hard to believe 
that similar conditions will not be found in the future and that 
those will not be as fascinating as the one studied in E. acrea.
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The enzymes used in this project were obtained from Calbiochem.
Box 5^282, Angeles, California and their descriptions are 
as follows:
Deoxyribonuclease - DNase 1, bovine pancrease, B grade, ca. 
30,000 Dornase units/mg., optimum pH 6.0-7.0.
Papain - from African papaya
Pepsin - 3 x cryst., porcine stomach mucosa, B grade.
Ribonuclease - Hirs component A, chromatographically 
homogeneous, lyophilized, salt free, protease free, A grade.
vim
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